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(57) ABSTRACT

A photosensitive compound represented by formula (1) or
formula (2). (Chemical formula 1) (In formula (1) and for-
mula (2), nis an integer of 1-3; R* is a linear or branched alkyl
group having 1-6 carbon atoms or an alkylene group having
2-6 carbon atoms formed from two R' together; R? is
—NR*R* R? and R* are each independently a linear or
branched alkyl group or alkenyl group having 1-6 carbon
atoms, a linear or branched alkylene group having 2-6 carbon
atoms formed by R* and R* together, or a linear or branched
alkylene group or alkenylene group having 3-8 carbon atoms
optionally containing an oxygen atom or nitrogen atom.)

11 Claims, 3 Drawing Sheets
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1
PHOTOSENSITIVE COMPOUND,
PHOTOSENSITIVE RESIN, AND
PHOTOSENSITIVE COMPOSITION

TECHNICAL FIELD

An aspect of the present invention relates to a novel pho-
tosensitive compound, to a novel photosensitive resin, and to
a novel photosensitive composition.

BACKGROUND ART

A variety of photosensitive compositions containing a pho-
tosensitive resin have been proposed for providing a resist
used in a semiconductor lithography step or the like, a coating
material for providing a substrate with a functional surface, or
a similar material (see, for example, Patent Document 1).
Such a photosensitive composition preferably contains, as a
solvent, water instead of an organic solvent, from the view-
point of an environmental problem. Therefore, the photosen-
sitive resin is preferably synthesized not in an organic solvent
or a water-organic solvent mixture, but in water containing no
organic solvent. In the case where a substrate is coated with a
photosensitive composition, to thereby provide a medical
device, a biochemistry test device, or the like, elution, from a
substrate, of'a substance which adversely affects aliving body
or the like must be prevented. In such a case, use of a photo-
sensitive composition containing, as a solvent, water instead
of an organic solvent is particularly preferred.

The photosensitive resin may be produced through, for
example, incorporating a photosensitive compound into a
polymer. Patent Document 1 discloses a photosensitive com-
pound which can be dissolved in water to a certain extent and
which can be incorporated into a polymer through synthesis
reaction in water. However, in order to produce, for example,
a photosensitive resin from a higher concentration aqueous
solution of a photosensitive compound, a photosensitive com-
pound having a further high water solubility is desired.

Also preferably, the photosensitive composition has excel-
lent storage stability and can be produced from an inexpen-
sive material. However, the photosensitive composition dis-
closed in Patent Document 1 has problems in that the storage
stability thereof is insufficient and that a photosensitive com-
pound which can provide a synthetic photosensitive resin in
water must be obtained from an expensive material.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Application Laid-Open
(kokai) No. 2003-292477

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

In view of the foregoing, an object of an aspect of the
present invention is to provide a photosensitive compound
which has high water solubility, which can be produced from
an inexpensive material, and which can produce a photosen-
sitive composition having excellent storage stability. Another
object is to provide a photosensitive resin produced from the
photosensitive compound. Still another object is to provide a
photosensitive composition containing the photosensitive
resin.
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2

Means for Solving the Problems

In one mode of an aspect of the present invention to solve
the aforementioned problems, there is provided a photosen-
sitive compound characterized by being represented by the
following formula (1) or formula (2),

[Formula 1]
O H
|
C—N
rRZ—~
C_O
HN—&CHZﬁ—CH
O—R!
0O H
]
C—N
R2—~
C_O
HN—(—CHZﬁ—CHO

wherein: n is an integer of 1 to 3; R* represents a C1 to C6
linear or branched alkyl group, or a C2 to C6 alkylene group
formed from two R* together; R* represents —NR>R*, where
R? and R* each independently represent a C1 to C6 linear or
branched alkyl group, or alkenyl group, or R? and R* together
form a C2 to C6 linear or branched alkylene group, or form a
C3 to C8 linear or branched alkylene group, or alkenylene
group which may include an oxygen atom or a nitrogen atom.

Preferably, R! is a methyl group or an ethyl group, and R?
is a group selected from the following groups,

[Formula 2]

R% (CH,=CH—CH,>—N—X CN—X
— = 0= o
/_\N X \—N —X —X
__/ \_/ \_/

X X
NF\ J J
\\/N —X NN NN

where X represents a substitution position.

In another mode of an aspect of the present invention, there
is provided a photosensitive resin characterized by being
formed by attaching the aforementioned photosensitive com-
pound to a polyvinyl alcohol polymer having a structure in
which at least two repeating units derived from vinyl alcohol
are linked together, via an acetal bond in a pendant manner.
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The photosensitive resin may contain a repeating unit rep-
resented by the following formula (3),

[Formula 3]

(©)

) o]
(lCHz)n
III—H
c=0

i1
QC_N \ N
RZ e

wherein n is an integer of 1 to 3, and R? represents a group
selected from the following groups,

[Formula 4]
RZ: (CH,=CH—CH,5~N—X ¢ N—X
/
N—X N—X N—X
.
—_— N—X \—N N—X O N—X

__/ __/

X X

/ /
/\/N\ \/N\/

N=

N—X
S

where X represents a substitution position.

The polyvinyl alcohol polymer may be a copolymer of a
vinyl alcohol with at least one species selected from the group
consisting of vinyl acetate, diacetoneacrylamide, acrylamide,
acrylic acid, and polyethylene glycol.

In another mode of an aspect of the present invention, there
is provided a photosensitive composition characterized by
comprising the aforementioned photosensitive resin and
water.

In another mode of an aspect of the present invention, there
are provided compounds characterized by being represented
by respectively the following formulas (4), (5), and (6):

[Formula 5]

)
N Ns
O~ .
Q—~ o) o

wherein Q represents a halogen atom;

10

15

20

25

40

45

50

55

65

[Formula 6]

i1
QC—N—CHZ—COOH
e—

wherein Q represents a halogen atom;

®)

[Formula 7]

(6)
N N;
O~ L —
R2—" o) 0

wherein R? represents —NR>*R*, where R® and R* each inde-
pendently represent a C1 to C6 linear or branched alkyl
group, or alkenyl group, or R* and R* together forma C2 to C6
linear or branched alkylene group, or form a C3 to C8 linear
or branched alkylene group, or alkenylene group which may
include an oxygen atom or a nitrogen atom.

Effects of the Invention

According to an aspect of the present invention, there can
be provided a photosensitive compound which can be pro-
duced from an inexpensive material and which has high water
solubility. A photosensitive composition comprising: a pho-
tosensitive resin in which the photosensitive compound is
incorporated into a polyvinyl alcohol polymer via an acetal
bond in a pendant manner; and water, exhibits excellent stor-
age stability for a long period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 An IR absorption spectrum of photosensitive mate-
rial A produced in Example 1.

FIG. 2 An IR absorption spectrum of photosensitive mate-
rial C produced in Example 2.

FIG. 3 A UV absorption spectrum of photosensitive mate-
rial G produced in Example 6.

FIG. 4 A UV absorption spectrum of coating film of pho-
tosensitive resin J produced in Example 9.

FIG. 5 An IR absorption spectrum of film of photosensitive
resin J produced in Example 9.

MODES FOR CARRYING OUT THE INVENTION

The photosensitive compound of an aspect of the present
invention is an acetal compound or an aldehyde compound
having a specific structure including an azido group and a
tertiary amino group; i.e., a photosensitive compound repre-
sented by formula (1) or a photosensitive compound repre-
sented by formula (2). In formulas (1) and (2), R! represents
a C1 to C6 linear or branched alkyl group, or a C2 to C6
alkylene group formed from two R* together; i.e., a C2 to C6
group —R'—R’—. From the viewpoint of cost, R! is pref-
erably a methyl group or an ethyl group. R? represents
—NR*R*where R? and R* each independently representa C1
to C6 linear or branched alkyl group, or alkenyl group, or R?
and R* together form a C2 to C6 linear or branched alkylene
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group, or form a C3 to C8 linear or branched alkylene group,
or alkenylene group which may include an oxygen atom or a
nitrogen atom. From the viewpoint of cost, R? is preferably a
group selected from among the following groups. In the fol-
lowing formulas, X represents a substitution position; i.e., a
bonding position of the methylene group to a benzene ring.
No particular limitation is imposed on the locant of
R>—CH,— on the benzene ring, and R>—CH,— may be
bonded to any of o-, m-, and p-positions with respect to
—CONH— group bonded to the benzene ring. The number
“n” is an integer of 1 to 3. From the viewpoint of favorable
reactivity with a polyvinyl alcohol polymer, n is preferably 3.

[Formula 8]

R’ (CH,=CH—CH,55—N—X ¢{ N—X
—
—X N—X N—X
==,
—N N—X O N—X
_/ __/
X X

N
N\ N/ N/
\\/N_X NN NN

(wherein X represents a substitution position)

The photosensitive compounds of an aspect of the present
invention represented by formulas (1) and (2) exhibit absorp-
tion wavelength in the range of 250 nm to 400 nm. That is, the
photosensitive compounds have a photosensitive group
which is sensitive to light having a wavelength of 400 nm or
shorter.

The photosensitive compounds of an aspect of the present
invention represented by formulas (1) and (2) exhibit consid-
erably high solubility in an acidity range. For example, each
of the compounds can be dissolved in an amount of =2 g
(further =4 g) in 100 g of an acidic aqueous medium having a
pH of 1.5 to 3. Also, the photosensitive compounds repre-
sented by formulas (1) and (2) are each an azide compound
having an acetal group or an aldehyde group. Therefore, the
photosensitive compounds represented by formulas (1) and
(2) can undergo reaction in an acidic aqueous medium. Spe-
cifically, through reaction of a polymer having a structure in
which two repeating units derived from vinyl alcohol are
linked together, with the photosensitive compound in an
acidic aqueous medium, the photosensitive compound can be
bonded in a pendant manner to the polymer by the mediation
of an acetal group or an aldehyde group. Thus, a target pho-
tosensitive resin can be synthesized without use of an organic
solvent such as an alcohol, which problematically imposes an
environmental load. In addition, since the photosensitive
resin can be synthesized in water as a reaction solvent,
removal of an organic solvent is not needed after synthesis of
the photosensitive resin. The reaction mixture itself, or its
water-diluted product may serve as a target aqueous photo-
sensitive composition containing no organic solvent. Mean-
while, the photosensitive compound represented by formula
(1) or (2) exhibits considerably high solubility in an acidity
range, and a high-concentration aqueous solution of the com-
pound undergoes acetalization with a polymer, to thereby
yield the polymer to which the photosensitive compound is
bonded in a pendant manner. The thus-produced photosensi-
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tive composition exhibits no rise in viscosity even after stor-
age for a long period of time, to thereby attain excellent
storage stability. Although details will be described herein-
below, the photosensitive compounds represented by formu-
las (1) and (2) can be prepared from inexpensive raw materi-
als.

In contrast, conventional photosensitive compounds gen-
erally have poor water solubility. Such a compound encoun-
ters difficulty in pendant-manner bonding the compound to a
polymer in water as a single reaction solvent. Patent Docu-
ment 1 discloses a photosensitive compound having water
solubility, and the photosensitive compound can be reacted
with a polymer in water, to thereby bond the photosensitive
compound to the polymer in a pendant manner. However, the
water-soluble photosensitive compounds disclosed in Patent
Document 1 would have water solubility slightly lower than
that of the photosensitive compound of an aspect of the
present invention represented by formula (1) or (2). Thus, a
photosensitive composition containing a photosensitive resin
formed of a polymer to which the photosensitive compound
has been bonded in a pendant manner in water has poor
long-term storage stability. Among the photosensitive com-
pounds disclosed in Patent Document 1, the photosensitive
compound of Synthesis Example 5 exhibits relatively high
water solubility. However, the water solubility is lower than
that of the photosensitive compound of an aspect of the
present invention, as described in the below-mentioned Com-
parative Synthesis Example 2. The photosensitive composi-
tion prepared from such a conventional photosensitive com-
pound exhibits poor long-term storage stability. Also,
photosensitive compounds disclosed in Synthesis Example 5
and other Synthesis Examples of Patent Document 1 each
have a pyridine structure, which conceivably imparts water
solubility to the compounds. However, in order to incorporate
a pyridine structure, an expensive raw material such as
pyridinealdehyde must be used, which is problematic.

No particular limitation is imposed on the method for syn-
thesizing the photosensitive compounds represented by for-
mulas (1) and (2). For example, as illustrated in the following
reaction scheme, the photosensitive compound represented
by formula (1) can be produced by reacting a compound
represented by formula (a) having a halomethyl group with a
secondary amine compound NR*R*H. In formula (a), n and
R! have the same meanings as employed in formula (1), and
Q represents a halogen atom, for example, a chlorine atom or
a bromine atom. The reaction may be performed in a solvent
such as acetonitrile for about 3 to about 8 hours in the pres-
ence of triethylamine or the like.

[Formula 9]
i1
-/
Q C=0
_O—R!
HN—CH,5+—CH
So—r!

(@)

l
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-continued
I
—r
C=0
/O—Rl
HN—-CH, 45—CH
No—r!

M

As illustrated in the following reaction scheme, the com-
pound represented by formula (a) having a halomethyl group
may be produced by reacting a compound represented by
formula (4) having an azlactone ring with an acetal compound
represented by formula (b). In formula (b), n and R* have the
same meanings as employed in formula (1), and Q is the same
asemployed in formula (a). The reaction may be performed in
a solvent such as tetrahydrofuran for about 3 to about 8 hours
in the absence of a catalyst.

[Formula 10]
N F N;
/
Q—/: o: ;o
C
0O—R!
/
«—— HN—CH, 3~ CH
0—R!
)
0 H
Il .
- 3
o— ~
C=0 o—nrR!
I /
HN—CH,3—CH
\O—Rl

(@)

As illustrated in the following reaction scheme, the com-
pound represented by formula (4) having an azlactone ring
may be produced by reacting a compound represented by
formula (5) having a carboxyl group with azidobenzalde-
hyde. In formula (5), Q is the same as employed in formula
(a). The reaction may be performed in a solvent such as
acetonitrile for about 5 to about 12 hours in the presence of
acetic anhydride, sodium acetate, and the like. Alternatively,
the compound represented by formula (4) may be produced
by adding ethyl chloroformate to a compound represented by
formula (5) in a solvent such as acetonitrile in the presence of
a base such as triethylamine, to thereby form an azlactone
ring, and further reacting with azidobenzaldehyde.
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[Formula 11]
e}
|

i
C—N—CH,—COOH
Q—

®)

T OHCON3

N N;
)~ .
Q—~ 0 o

G}

As illustrated in the following reaction scheme, the com-
pound represented by formula (5) having a carboxyl group
may be produced by reacting halomethylbenzoyl chloride
with glycine. In the following reaction scheme, Q is the same
asemployed in formula (a). The reaction may be performed in
a solvent such as a water-acetonitrile mixture for about 1 to
about 8 hours, in the presence of a catalyst such as sodium
hydroxide.

(€]
Cc—Cl
Q_/

l ~<——  H,N—CH,—COOH

[Formula 12]

H

]

C—N—CH,—COOH
Q_/

5)

As illustrated in the following reaction scheme, the photo-
sensitive compound represented by formula (1) may be pro-
duced by reacting a compound represented by formula (6)
with the acetal compound represented by formula (b). In
formula (6), R? has the same meaning as employed in formula
(1). In formula (b), n and R' have the same meanings as
employed in formula (1). The reaction may be performedin a
solvent such as tetrahydrofuran for about 1 to about 5 hours in
the absence of a catalyst.
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[Formula 13]
N F Ns
RZ—~ : o: ;O
(6
/O—Rl
~—— HN—CH¥-CHT
O0—R!
®)
Q Il O
C—N N3
RZ_/ /
C=0
| _O—R!
HN—¢CHy - CH{_
O0—R!

M

As illustrated in the following reaction scheme, the photo-
sensitive compound represented by formula (6) may be pro-
duced by reacting a compound represented by formula (c)
having a carboxyl group with azidobenzaldehyde. In formula
(¢), R* has the same meaning as employed formula (1). The
reaction may be performed in a solvent such as acetonitrile for
about 5 to about 12 hours in the presence of acetic anhydride
or the like. Alternatively, the photosensitive compound rep-
resented by formula (6) may be produced by adding ethyl
chloroformate to the compound represented by formula (c)
having a carboxyl group in a solvent such as acetonitrile in the
presence of a base such as triethylamine, to thereby form an
azlactone ring, and further reacting with azidobenzaldehyde.

[Formula 14]
e}

i
C—N—CH,—CO0OH
RZ S
(©)
T OHCONs

N N;
O~ —
rR2Z—~ 0 o

)

As illustrated in the following reaction scheme, the com-
pound represented by formula (c) can be produced by react-
ing the compound represented by formula (5) having a car-
boxyl group with a secondary amine compound NR*R*H. In
formula (5), Q represents a halogen atom. In formula (c), R?
has the same meaning as employed in formula (1). The reac-
tion may be performed in a solvent such as water or acetoni-
trile for about 3 to about 12 hours in the presence of triethy-
lamine or the like.
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[Formula 15]
e}

i
C—N—CH,—COOH
Q—~

®)

e}

il

C—N—CH,—COOH
RZ_/

(

°)

The photosensitive compound represented by formula (2)
is formed through hydrolysis of the photosensitive compound
represented by formula (1).

The aforementioned reactions are individually described.
However, needless to say, these reactions may be in sequen-
tial steps. The aforementioned compounds represented by
formulas (4) to (6) and those represented by formulas (a) and
(c) are novel compounds.

Through bonding of the photosensitive compound repre-
sented by formula (1) or (2) to, via an acetal bond in a pendant
manner, a polyvinyl alcohol polymer having a structure in
which at least two repeating units derived from vinyl alcohol
are linked together, the photosensitive resin of an aspect of the
present invention is yielded.

The photosensitive resin of an aspect of the present inven-
tion, having, in a side chain thereof| a structure originating
from the aforementioned photosensitive compound repre-
sented by formula (1) or (2), exhibits photo-crosslinkability.
Specifically, through irradiation with light having a wave-
length in the range of 250 nm to 400 nm, the photosensitive
resin undergoes crosslinking, to thereby form a photocured
body. The photosensitive resin of an aspect of the present
invention exhibits photo-crosslinkability, when a photosensi-
tive compound represented by formula (1) or (2) has been
bonded to the polyvinyl alcohol polymer skeleton via an
acetal bond in a pendant manner. For example, a photosensi-
tive compound represented by formula (1) or (2) is preferably
bonded to the polyvinyl alcohol polymer skeleton in an
amount of 0.1 mol % to 3 mol % via an acetal bond in a
pendant manner. In the case where a plurality of photosensi-
tive compounds represented by formula(s) (1) and/or (2) is or
are bonded to the polyvinyl alcohol polymer skeleton via an
acetal bond in a pendant manner, the total amount of the
photosensitive compounds represented by formulas (1) and
(2) are preferably bonded in an amount 0of 0.1 mol % to 3 mol
% via an acetal bond in a pendant manner, to a structure in
which at least two repeating units derived from vinyl alcohol
are linked together.

Notably, the repeating unit derived from vinyl alcohol is a
structure formed from vinyl alcohol as a monomer and has the
following chemical structure.
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[Formula 16]

The structure in which at least two repeating units derived

from vinyl alcohol are linked together refers to the following .

structure.

[Formula 17]

OH OH

The polyvinyl alcohol polymer may be polyvinyl alcohol
or a copolymer of vinyl alcohol and another vinyl compound.
Examples of the copolymer include copolymers of vinyl alco-
hol and at least one member selected from the group consist-
ing of vinyl acetate, diacetoneacrylamide, acrylamide,
acrylic acid, and polyethylene glycol. The mode of the
copolymer may be random, block, or graft. In the copolymer,
the repeating unit derived from vinyl alcohol is preferably
included in an amount of 70 weight % or more.

In an aspect of the present invention, polyvinyl alcohol
preferably has an average polymerization degree of, for
example, 200 to 5,000. When the average polymerization
degree is less than 200, sufficient photosensitivity fails to be
attained, whereas when the average polymerization degree is
in excess of 5,000, the formed photosensitive resin has high
viscosity, readily impairing applicability, which is disadvan-
tageous. Ifthe concentration is reduced to lower the viscosity,
difficulty is encountered in ensuring a target coating thick-
ness. Examples of the copolymer of vinyl alcohol and another
vinyl compound include a vinyl copolymer having an average
polymerization degree of 200 to 5,000.

Through acetalization of the polyvinyl alcohol polymer
with the photosensitive compound represented by formula (1)
or (2) in water as a reaction solvent under acidic conditions,
the photosensitive resin of an aspect of the present invention
can be yielded. No particular limitation is imposed on the
reaction conditions, and acetalization is preferably performed
in an aqueous medium having a pH in the range of 1.5 to 3,
adjusted by the addition of phosphoric acid, p-toluene-
sulfonic acid, or the like. The acetalization reaction may be
performed at about 50° C. to about 70° C. for about 5 to about
48 hours. Meanwhile, there may be also added to the acetal-
ization reaction an aliphatic aldehyde such as formaldehyde,
acetaldehyde, propionaldehyde, butyladehyde, or crotonal-
dehyde; an aromatic aldehyde such as benzaldehyde, benzal-
dehyde sulfonate salt, benzaldehyde dislufonate salt, sodium
4-azido-2-sulfobenzaldehyde, carboxybenzaldehyde,
hydroxybenzaldehyde, or a folmylstyrylpyrudinium salt; an
acetal thereof; or a ketone such as acetone or methyl ethyl
ketone.

The photosensitive composition of an aspect of the present
invention contains the aforementioned the photosensitive
resin of an aspect of the present invention and water. No
particular limitation is imposed on the photosensitive resin
content of the photosensitive composition of an aspect of the
present invention. For example, the photosensitive composi-
tion may have a photosensitive resin concentration of 4 to 15
weight %.
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The photosensitive composition of an aspect of the present
invention may further contain, in addition to the photosensi-
tiveresin of'an aspect of the present invention, a water-soluble
polymer and/or a water-soluble azide compound.

Examples of the water-soluble polymer include saponified
polyvinyl acetate, natural polymers (e.g., gelatin, cellulose
derivatives, and casein), and a homopolymer or a copolymer
of a water-soluble vinyl monomer. Examples of the water-
soluble vinyl monomer include N-vinylformamide, N-viny-

0 lacetamide, vinylpyrrolidone, acrylamide, diacetoneacryla-

mide, N,N-dimethylacrylamide,
methacrylamide, allylthiourea and the like.

Examples of the water-soluble azide compound include
4,4'-diazidostilbene-2,2'-disulfonic acid, 4,4'-diazidobenzal-
acetophenone-2-sulfonic acid, 4,4'-diazidostilbene-a-car-
boxylic acid, and an alkali metal salt, an ammonium salt, an
organic amine salt, or the like thereof. Furthermore, prefer-
ably used are water-soluble azide compounds disclosed in
Japanese Patent Publication (kokoku) No. Sho 50-27404,
Japanese Patent Application Laid-Open (kokai) Nos. Sho
50-141403, Hei 2-204750, Hei 4-26849, Hei 5-11442, Hei
5-113661, Hei 6-239930, and other documents.

For improving coating applicability and moisture-keeping
property, the photosensitive composition of an aspect of the
present invention may further contain, for example, ethylene
glycol, sorbitol, a surfactant or the like.

Also, the photosensitive composition of an aspect of the
present invention may further contain a so-called silane cou-
pling agent, which is an adhesion promoter for improving
adhesion to a substrate. Examples of the adhesion promoter
include water-soluble adhesion promoters such as N-p-(ami-
noethyl)-aminopropylmethyldimethoxysilane and N-f3-(ami-
noethyl)-y-aminopropyltrimethoxysilane.

The photosensitive composition of an aspect of the present
invention may further contain an antiseptic agent, a defoam-
ing agent, or a pH-modifying agent, or a hydrophobic poly-
mer emulsion for improving film strength, water resistance,
adhesion to various substrates, and other purposes. Examples
of'the hydrophobic emulsion include polyvinyl acetate emul-
sion, polyacrylate ester emulsion, and urethane emulsion. A
pattern formation technique employing a composition con-
taining a hydrophobic polymer emulsion is suitably used in,
for example, production of a screen printing plate.

For preventing halation upon exposure and obtaining a
colored image, the photosensitive composition of an aspect of
the present invention may further contain a colorant such as a
pigment or a dye.

As illustrated in the below-mentioned Examples, the pho-
tosensitive composition of an aspect of the present invention
has resistance to viscosity rise even after long-term storage,
indicating excellent storage stability.

As described above, the photosensitive resin of an aspect of
the present invention can be synthesized by use of water as a
reaction solvent, instead of an organic solvent. Therefore, the
as-synthesized photosensitive resin itself can be used without
removal of organic solvent. Alternatively, the photosensitive
resin may be optionally diluted with water or the like, to
thereby provide an aqueous photosensitive composition free
from organic solvent. Needless to say, in a yet alternative
manner, a photosensitive resin is recovered from the reaction
mixture, and water is added to the recovered resin.

The thus-prepared organic solvent-free photosensitive
composition is suitably applied onto a substrate, to thereby
produce a medical device, a biochemical test device, or the
like. More specifically, when a photosensitive composition
containing an organic solvent is applied onto a substrate made
of'a plastic material or the like, a substance (e.g., a plasticizer)

vinylpyridine,
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is readily eluted from the substrate, the substance adversely
affecting bio materials such as protein, cells, enzymes, etc.
Therefore, difficulty is encountered in employing, as a medi-
cal device or a biochemical test device, a substrate coated
with such a photosensitive composition containing an organic
solvent. In contrast, an aspect of the present invention pro-
vides a photosensitive composition which contains water as a
solvent, instead of an organic solvent. Therefore, even when
a substrate made of a plastic material or the like is coated with
the composition of an aspect of the present invention, prob-
lematic elution which would otherwise be caused by organic
solvent can be prevented, whereby the coated substrate can be
employed as a medical device, a biochemical test device, or
the like which is to be brought into contact with a biomaterial
such as protein, cells, or enzymes.

No particular limitation is imposed on the material of the
substrate, and examples thereof include glass and plastic
material. Also, no particular limitation is imposed on the form
of the substrate, and examples thereof include fiber, film,
plate, and a substrate with pores.

Through applying the photosensitive composition of an
aspect of the present invention onto the aforementioned sub-
strate, optionally drying, and then irradiating the formed coat-
ing with light having a wavelength in the range of, for
example, 250 nm to 400 nm, a photocured layer in which the
photosensitive resin has been cross-linked can be formed on
the substrate. When light irradiation is performed by the
mediation of a mask having a specific pattern, a photocured
layer having a specific pattern can be formed on the substrate,
after washing with water. The thus-produced substrate on
which a photocured layer has been formed can be employed
as a medical device or a biochemical test device, such as a
biochip, a biosensor, a cell culture container, a protein analy-
sis container, an enzymatic reactor, or a flow-path protein
analysis container. Such a substrate may also be employed for
immobilization of a biocatalyst such as an enzyme or a micro-
organism. By virtue of high resolution, the photosensitive
composition of an aspect of the present invention can be
employed not only in production ofthe aforementioned medi-
cal devices and biochemical test devices and for immobiliza-
tion of abiocatalyst, but also as a resist for use in, for example,
a lithography step of forming a semiconductor micropattern.

EXAMPLES

An aspect of the present invention will next be described in
detail by way of examples, which should not be construed as
limiting the invention thereto.

Synthesis Example 1

Synthesis of Chloromethylbenzoylglycine
Represented by the Following Formula

[Formula 18]

1
c1—CH2©—C—N—CH2—COOH

Glycine (3 g) was dissolved in a mixture of water (20 g),
acetonitrile (10 g), and sodium hydroxide (2 g), and the solu-
tion was cooled to 10° C., to thereby prepare a glycine solu-
tion. Separately, chloromethylbenzoyl chloride (8 g) was dis-
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solved in acetonitrile (20 g), and the solution was cooled to
10° C. The liquid was added dropwise to the glycine solution
over 2 hours. Simultaneously a solution of sodium hydroxide
(2 g) in water (20 g) was added dropwise to the glycine
solution over 2 hours. Five hours later, the solution was acidi-
fied with 5 weight % aqueous hydrochloric acid, to thereby
precipitate chloromethylbenzoylglycine as a target product.
The precipitated product was separated through filtration and
dried, to thereby yield 7 g of chloromethylbenzoylglycine as
a target product.

Example 1

Synthesis of (4-(4-azidophenylmethylene)-2-(4-chlo-
romethylphenyl)-1,3-oxazolin-5-one) represented by
the following formula [photosensitive material A]

[Formula 19]

N
Cl_CH24©_</
(6]

To chloromethylbenzoylglycine (7 g) produced in Synthe-
sis Example 1, acetonitrile (2 g), azidobenzaldehyde (5 g),
acetic anhydride (15 g), and sodium acetate (0.3 g) were
added, and the mixture was allowed to react at 75° C. for 10
hours. The reaction mixture was cooled and subjected to
filtration and drying, to thereby yield 6 g of photosensitive
material A as a target compound. An IR absorption spectrum
of photosensitive material A was measured through KBr
method, and an absorption peak attributed to an azido group
was identified at 2123.2 cm™. Also, an absorption peak
attributed to azlactone was identified at 1787.7 cm™". FIG. 1
illustrates the IR absorption spectrum of photosensitive mate-
rial A.

N3

7

O

Synthesis Example 2

Synthesis of (3-(4-azidophenyl)-N-(4,4'-dimethoxy-
butyl)-2-(4-chloromethylphenyl)carbonylamino-
prop-2-enamide) represented by the following for-
mula [photosensitive material B]

[Formula 20]

I
c1—CH2@—C—N

N3
/
C=0
_O—CH;
HN—(—CHZﬁTCH\
0—CH;

Photosensitive material A (6 g) produced in Example 1 was
dispersed in tetrahydrofuran (hereinafter abbreviated as
THF) (30 g). A solution of aminobutylaldehyde dimethylac-
etal (3 g) dissolved in THF (20 g) was added dropwise to the
dispersion over 1 hour, while the mixture was cooled to main-
tain at 10° C. Thereafter, the mixture was allowed to stand for



US 9,223,210 B2

15

3 hours, and water (150 g) was added thereto. The formed
precipitates were separated through filtration and dried, to
thereby yield 6 g of photosensitive material B as a target
compound.

Example 2

Synthesis of (3-(4-azidophenyl)-N-(4,4'-dimethoxy-
butyl)-2-(4-morpholinomethylphenyl)carbony-
lamino-prop-2-enamide) represented by the follow-
ing formula [photosensitive material C]

—

0

15

[Formula 21]
0 N ﬁ Pll
< > \K_Q * 20
T=O /O—CH3
HN—€CH, 3 CH
0—CH;
25

The compound produced in Synthesis Example 2 [photo-
sensitive material B] (6 g), morpholine (1.3 g), and triethy-
lamine (1.1 g) were dissolved in acetonitrile (40 g), and the
solution was allowed to react at 50° C. for 7 hours later
cooling, water (250 g) was added to the reaction mixture, and
the formed precipitates were separated through filtration and
dried, to thereby yield 4 g of photosensitive material C as a
target compound. An IR absorption spectrum of photosensi-
tive material C was measured through KBr method, and an
absorption peak attributed to an azido group was identified at
2019.4 cm™. FIG. 2 illustrates the IR absorption spectrum of
photosensitive material C.

Example 3 0
Synthesis of (3-(4-azidophenyl)-N-(4,4'-dimethoxy-
butyl)-2-(4-imidazolylmethylphenyl)carbonylamino-
prop-2-enamide) represented by the following for- 45
mula [photosensitive material D]
[Formula 22] 50
N:\
N O H
~ i1 N
Z s
€=0 O—CH;
HN—¢CH,CH
0—CH;

The compound produced in Synthesis Example 2 [photo-
sensitive material B] (6 g), imidazole (1.3 g), and triethy-
lamine (1.1 g) were dissolved in acetonitrile (40 g), and the
solution was allowed to react at 50° C. for 7 hours later
cooling, water (250 g) was added to the reaction mixture, and

65
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the formed precipitates were separated through filtration and
dried, to thereby yield 2 g of photosensitive material D as a
target compound.

Example 4

Synthesis of (3-(4-azidophenyl)-N-(4,4'-dimethoxy-
butyl)-2-(4-diallylaminomethylphenyl)carbony-
lamino-prop-2-enamide) represented by the follow-
ing formula [photosensitive material E]

[Formula 23]
\_\

N 0O H
Ay

N3
S
C=0
[ _O—CH;
}IN—fCH273—CH\
O—CH;z

The compound produced in Synthesis Example 2 [photo-
sensitive material B] (6 g), diallylamine (1.3 g), and triethy-
lamine (1.1 g) were dissolved in acetonitrile (40 g), and the
solution was allowed to react at 50° C. for 7 hours later
cooling, water (250 g) was added to the reaction mixture, and
the formed precipitates were separated through filtration and
dried, to thereby yield 3 g of photosensitive material E as a
target compound.

Example 5

Synthesis of (3-(4-azidophenyl)-N-(3-formylpropyl)-
2-(4-morpholinomethylphenyl)carbonylamino-prop-
2-enamide) represented by the following formula
[photosensitive material F]

[Formula 24]

¢ N i
N O-H O
.
HN—¢CH,¥-CHO

The compound produced in Example 2 [photosensitive
material C] (2 g) was added to a mixture of water (40 g) and
phosphoric acid (0.5 g), and the resultant mixture was stirred
at 20° C. for 5 hours, to thereby remove the acetal protective
group. Thereafter, the temperature of the deprotected mixture
was adjusted to 10° C. and neutralized with 1 weight %
aqueous sodium hydroxide to a pH of 8. The precipitates
formed through neutralization were immediately separated
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through filtration and dried, to thereby yield 1 g of photosen-
sitive material F as a target compound.

Example 6

Synthesis of (4-(4-azidophenylmethylene)-2-(4-mor-
pholinomethylphenyl)-1,3-oxazolin-5-one) repre-
sented by the following formula [photosensitive
material G|

[Formula 25]

O/_\N N Ns
\_/ @% i/ O

Glycine (3 g) was dissolved in a mixture of water (20 g),
acetonitrile (10 g), and sodium hydroxide (2 g), and the solu-
tion was cooled to 10° C., to thereby prepare a glycine solu-
tion. Separately, chloromethylbenzoyl chloride (8 g) was dis-
solved in acetonitrile (20 g), and the solution was cooled to
10° C. The liquid was added dropwise to the glycine solution
over 2 hours. Simultaneously, a solution of sodium hydroxide
(2 g) dissolved in water (20 g) was added to the glycine
solution over 2 hours. Five hours later, morpholine (4 g) was
added thereto, and the mixture was allowed to react at 60° C.
for 4 hours, followed by cooling the resultant solution to 10°
C. Triethylamine (4 g) was further added, and then ethyl
chloroformate (4.5 g) was added dropwise thereto over 30
minutes. The resultant mixture was continuously stirred for 2
hours. Subsequently, azidobenzaldehyde (3.5 g) was added,
and the mixture was allowed to react at 20° C. for 16 hours.
The thus-formed precipitates were separated through filtra-
tion and dried, to thereby yield 1 g of photosensitive material
G as a target compound. Photosensitive material G was dis-
solved in acetonitrile, and a UV absorption spectrum of the
solution was measured, and an absorption peak attributed to
an azlactone ring was identified at 387 nm. FIG. 3 illustrates
the UV absorption spectrum of photosensitive material G.

Example 7

Synthesis of (4-(4-azidophenylmethylene)-2-(4-mor-
pholinomethylphenyl)-1,3-oxazolin-5-one) [photo-
sensitive material G| (synthetic route different from

that of Example 6)

Chloromethylbenzoylglycine (10 g) produced in Synthesis
Example 1 was dispersed in acetonitrile (30 g), and triethy-
lamine (4.5 g) and morpholine (4 g) were added to the dis-
persion. The mixture was allowed to react at 60° C. for 4
hours, to thereby form morpholinomethylbenzoylglycine.
The reaction mixture was cooled to 10° C. Triethylamine (4.5
g) was further added, and then ethyl chloroformate (5 g) was
added dropwise thereto over 30 minutes. The resultant mix-
ture was continuously stirred for 2 hours. Subsequently, azi-
dobenzaldehyde (6 g) was added, and the mixture was
allowed to react at 20° C. for 16 hours. The thus-formed
precipitates were separated through filtration and dried, to
thereby yield 6 g of photosensitive material G as a target
compound. Photosensitive material G was dissolved in aceto-
nitrile, and a UV absorption spectrum of the solution was
measured, and an absorption peak attributed to an azlactone
ring was identified at 387 nm. An IR absorption spectrum of
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photosensitive material G was measured through KBr
method, and an absorption peak attributed to an azido group
was identified at 2115.5 cm™'. Also, an absorption peak
attributed to azlactone was identified at 1792.5 cm™".

Example 8

Synthesis of (3-(4-azidophenyl)-N-(4,4'-dimethoxy-
butyl)-2-(4-morpholinomethylphenyl)carbony-
lamino-prop-2-enamide) [photosensitive material C]
(synthetic route different from that of Example 2)

Photosensitive material G (6 g) produced in Example 7 was
dispersed in THF (30 g). A solution of aminobutylaldehyde
dimethylacetal (3 g) dissolved in THF (20 g) was added
dropwise to the dispersion over 1 hour, while the mixture was
cooled to maintain at 10° C. Thereafter, the mixture was
allowed to stand for 3 hours, and water (150 g) was added
thereto. The formed precipitates were separated through fil-
tration and dried, to thereby yield 5 g of photosensitive mate-
rial C as a target compound. An IR absorption spectrum of
photosensitive material C was measured through KBr
method, and an absorption peak attributed to an azido group
was identified at 2019.4 cm™".

Comparative Synthesis Example 1
Synthesis of (3-(4-azidophenyl)-N-(4,4'-dimethoxy-
butyl)-2-phenylcarbonylamino-prop-2-enamide) rep-
resented by the following formula [comparative pho-

tosensitive material H]

[Formula 26]

O I
C—N N3
F
c=0
_O—CH
HN—¢CHy 95~ CH_
0—CH;

Comparative photosensitive material H represented by the
above formula was yielded in accordance with Synthesis
Example 1 disclosed in Japanese Patent Application Laid-
Open (kokai) No 2003-292477.

Comparative Synthesis Example 2

Synthesis of (2-(3-(4-azidophenyl)prop-2-enoy-
lamino)-N-(4,4-dimethoxybutyl)-3-(3-pyridyl)prop-
2-enamide) represented by the following formula
[comparative photosensitive material I]

[Formula 27]
N34®7CH=CH—C—IL
A\ /
N
?=0 0—CH;
HN—%CHZ%—CH/
\O—CH3
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Comparative photosensitive material 1 represented by the
above formula was yielded in accordance with Synthesis
Example 5 disclosed in Japanese Patent Application Laid-
Open (kokai) No 2003-292477.

Example 9

Synthesis of Photosensitive Resin J and Preparation
of a Photosensitive Composition

Polyvinyl alcohol (Gohsenol EG-30, product of The Nip-
pon Synthetic Chemical Industry Co., Ltd., average polymer-
ization degree: 1,700) (40 g) was dissolved in water (400 g),
and photosensitive material C (4 g) produced in Example 2
and phosphoric acid (2 g) were added to the solution. The
mixture was allowed to react at 60° C. for 24 hours. Percent
acetalization, determined through GPC (gel permeation chro-
matography), was 98%. The acetalization amount, calculated
from the percent acetalization, was 0.8 mol % based on poly-
vinyl alcohol. Thereafter, phosphoric acid was removed
through treatment with an ion exchange resin, to thereby yield
a photosensitive liquid containing a photosensitive resin in
which photosensitive material C is bonded to polyvinyl alco-
hol via an acetal bond in a pendant manner. The photosensi-
tive liquid was diluted with water, to thereby prepare a pho-
tosensitive composition having a photosensitive resin
concentration of 6 weight %.

The thus-prepared photosensitive composition was applied
onto a glass plate and dried, to thereby form a coating film
having a film thickness of 1.0 um. A test mask (product of
TOPPAN Printing Co., Ltd.) was firmly attached to the coat-
ing film, and the film was irradiated via the mask with light of
an ultrahigh-pressure mercury lamp (UV illuminance: 5
mW/cm?, determined by means of an illuminometer “UV-
35, product of ORC Manufacturing Co., Ltd.) for 15 sec-
onds. Subsequently, the light-exposed film was developed
with water over 60 seconds and dried. Thus, a clear pattern
having a line width o 30 pum and no development residue was
obtained through the development step.

Separately, a UV absorption spectrum of the coating film
formed by applying the prepared photosensitive composition
onto a glass plate and drying was measured. The spectrum
was found to have an absorption peak at 313.6 nm. FIG. 4
illustrates the UV absorption spectrum.

Furthermore, the prepared photosensitive composition was
applied onto a PET film and dried, to thereby form a coating
film having a film thickness of 3 pm. The coating film was
peeled from the PET substrate, and an IR absorption spectrum
of'the film (i.e., a photosensitive resin J film) was measured.
The spectrum was found to have an absorption attributed to an
azido group at 2,020 cm ™. FIG. 5 illustrates the IR absorption
spectrum.

Example 10

Synthesis of Photosensitive Resin K and Preparation
of a Photosensitive Composition

Diacetoneacrylamide-polyvinyl alcohol copolymer (“DF-
20,” product of Japan VAM & Poval Co., Ltd.) (40 g) was
dissolved in water (400 g), and photosensitive material C (4 g)
produced in Example 2 and phosphoric acid (2 g) were added
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to the solution. The mixture was allowed to react at 50° C. for
48 hours. Percent acetalization, determined through GPC (gel
permeation chromatography), was 98%. The acetalization
amount, calculated from the percent acetalization, was 0.8
mol % based on the copolymer. Thereafter, phosphoric acid
was removed through treatment with an ion exchange resin, to
thereby yield a photosensitive liquid containing a photosen-
sitive resin in which photosensitive material C is bonded to
diacetoneacrylamide-polyvinyl alcohol copolymer via an
acetal bond in a pendant manner. The photosensitive liquid
was diluted with water, to thereby prepare a photosensitive
composition having a photosensitive resin concentration of 6
weight %.

The thus-prepared photosensitive composition was applied
onto a glass plate and dried, to thereby form a coating film
having a film thickness of 1.0 um. A test mask (product of
TOPPAN Printing Co., Ltd.) was firmly attached to the coat-
ing film, and the film was irradiated via the mask with light of
an ultrahigh-pressure mercury lamp (UV illuminance: 5
mW/cm?, determined by means of an illuminometer “UV-
35,7 product of ORC Manufacturing Co., Ltd.) for 15 sec-
onds. Subsequently, the light-exposed film was developed
with water over 60 seconds and dried. Thus, a clear pattern
having a line width of 30 um and no development residue was
obtained through the development step.

Example 11
Synthesis of Photosensitive Resin L.

Polyvinyl alcohol-polyethylene glycol graft copolymer
(“Kollicoat IR,” product of BASF) (40 g) was dissolved in
water (300 g), and photosensitive material C (4 g) produced in
Example 2 and phosphoric acid (2 g) were added to the
solution. The mixture was allowed to react at 50° C. for 48
hours. Percent acetalization, determined through GPC (gel
permeation chromatography), was 98%. The acetalization
amount, calculated from the percent acetalization, was 0.8
mol % based on the copolymer. Thereafter, phosphoric acid
was removed through treatment with an ion exchange resin, to
thereby yield a photosensitive liquid containing a photosen-
sitive resin in which photosensitive material C is bonded to
polyvinyl alcohol-polyethylene glycol graft copolymer via an
acetal bond in a pendant manner. The photosensitive liquid
was diluted with water, to thereby prepare a photosensitive
composition having a photosensitive resin concentration of
10 weight %.

The thus-prepared photosensitive composition was applied
onto a glass plate and dried, to thereby form a coating film
having a film thickness of 0.6 um. A test mask (product of
TOPPAN Printing Co., Ltd.) was firmly attached to the coat-
ing film, and the film was irradiated via the mask with light of
an ultrahigh-pressure mercury lamp (UV illuminance: 5
mW/cm?, determined by means of an illuminometer “UV-
35,7 product of ORC Manufacturing Co., Ltd.) for 60 sec-
onds. Subsequently, the light-exposed film was developed
with water over 40 seconds and dried. Thus, a clear pattern
having a line width of 30 um and no development residue was
obtained through the development step.
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Comparative Example 1
Synthesis of Comparative Photosensitive Resin M

Polyvinyl alcohol (EG-30, product of The Nippon Syn-
thetic Chemical Industry Co., Ltd.) (40 g) was dissolved in
water (400 g), and comparative photosensitive material I (4 g)
produced in Comparative Synthesis Example 2 and phospho-
ric acid (2 g) were added to the solution. The mixture was
allowed to react at 60° C. for 24 hours. Percent acetalization,
determined through GPC (gel permeation chromatography),
was 98%. The acetalization amount, calculated from the per-
cent acetalization, was 0.8 mol % based on polyvinyl alcohol.
Thereafter, phosphoric acid was removed through treatment
with an ion exchange resin, to thereby yield a photosensitive
liquid containing a photosensitive resin in which comparative
photosensitive material 1 is bonded to polyvinyl alcohol via
an acetal bond in a pendant manner. The photosensitive liquid
was diluted with water, to thereby prepare a photosensitive
composition having a photosensitive resin concentration of 6
weight %.

The thus-prepared photosensitive composition was applied
onto a glass plate and dried, to thereby form a coating film
having a film thickness of 1.0 um. A test mask (product of
TOPPAN Printing Co., Ltd.) was firmly attached to the coat-
ing film, and the film was irradiated via the mask with light of
an ultrahigh-pressure mercury lamp (UV illuminance: 5
mW/cm?, determined by means of an illuminometer “UV-
35, product of ORC Manufacturing Co., Ltd.) for 15 sec-
onds. Subsequently, the light-exposed film was developed
with water over 60 seconds and dried. Thus, a clear pattern
having a line width of 50 um and no development residue was
obtained through the development step. However, a pattern
having a line width of 30 pm was partially clear but included
some thick portions. The resolution of the pattern was lower
than that attained in Example 1.

Test Example 1

Solubility of each of the photosensitive compounds pro-
duced in Comparative Synthesis Examples 1 to 2 and
Examples 2 to 5 (comparative photosensitive materials H and
1, and photosensitive materials C to F) in 100 g of neutral
water (water temperature: 20° C.) was assessed. The solubil-
ity in an aqueous phosphoric acid solution (liquid tempera-
ture: 20° C.) obtained by mixing phosphoric acid (4 g) and
water (100 g), was also determined. Table 1 illustrates the
amount of each photosensitive compound dissolved in each
medium.

TABLE 1
Solubility in aq.
Solubility in phosphoric acid
water solution
(100 g) (104 g)
Comp. Photosensitive material H =0.1g =0.1g
(Comp. Synth. Ex. 1)
Comp. Photosensitive material I =0.1g 0.2 g (complete
(Comp. Synth. Ex. 2) dissolution)
0.4 g (partial
dissolution)
Photosensitive material C (Ex. 2) =0.1g 5 g (complete
dissolution)
Photosensitive material D (Ex. 3) =0.1g 5 g (complete
dissolution)
Photosensitive material E (Ex. 4) =0.1g 5 g (complete
dissolution)
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TABLE 1-continued
Solubility in aq.
Solubility in phosphoric acid
water solution
(100 g) (104 g)
Photosensitive material F (Ex. 5) =0.1g 5 g (complete

dissolution)

As is clear from Table 1, the photosensitive compounds
produced in Examples 2 to 5 falling within the scope of an
aspect of the present invention (photosensitive materials C to
F) exhibited very high solubility in aqueous phosphoric acid
solution. In contrast, comparative photosensitive material H
produced in Comparative Synthesis Example 1 exhibited
very low solubility in aqueous phosphoric acid solution.
Comparative photosensitive material I produced in Compara-
tive Synthesis Example 2 was dissolved in aqueous phospho-
ric acid solution in a more amount as compared with com-
parative photosensitive material H produced in Comparative
Synthesis Example 1, but the solubility thereof is lower than
that of photosensitive materials C to F produced in Examples
2to05.

Test Example 2

Each of the 6 weight % photosensitive compositions pro-
duced in Example 9 and Comparative Example 1 was placed
in a plastic container, and the container was stored in a refrig-
erator at 4° C. in the dark for one year. The viscosity of the
composition was measured at 25° C. on day O (start), 6
months after the start, and 1 year after the start. Table 2
illustrates the results.

TABLE 2
Day 0 6 Months 1 Year
Photosensitive resin T (Ex. 9) 260mPa 260 mPa 260 mPa
Comparative photosensitive resin -~ 300 mPa 400 mPa 600 mPa

M (Comp. Ex. 1)

As is clear from Table 2, the photosensitive composition,
containing photosensitive resin J of Example 9 exhibited no
rise in viscosity even after storage in a plastic container
placed in a refrigerator at 4° C. in the dark for one year,
indicating excellent storage stability. In contrast, the photo-
sensitive composition, containing comparative photosensi-
tive resin M of Comparative Example 1 exhibited an increase
in viscosity over time. One conceivable reason for attaining a
constant viscosity of the photosensitive composition of an
aspect of the present invention for a long period of time is that
a very high solubility of the photosensitive compound of an
aspect of the present invention in acidic aqueous phosphoric
acid solution realizes uniform bonding of the photosensitive
compound to a base polymer during acetalization of the poly-
mer. In this case, cohesion of photosensitive groups is pre-
vented. In contrast, the photosensitive compound of Com-
parative Example 1 exhibits water solubility in an acidity
range lower than that of the photosensitive compound of an
aspect of the present invention. Thus, the photosensitive resin
can be completely dissolved at the end of the reaction, but is
in a dispersion state at an initial stage of the reaction. There-
fore, conceivably, a microscopic bonding feature of the pho-
tosensitive compound to the photosensitive resin in a pendant
manner is not uniform, causing partial cohesion of resin mol-
ecules during a long-term storage, resulting in a rise in vis-
cosity.
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The invention claimed is:
1. A photosensitive compound,

represented by the following formula (1) or formula (2)

formula (1)
0O H
A SR PRy
rRZ— Z
T=O _O—FR!
HN—(—CHﬁn—CH\O_Rl
formula (2)
0O H
LTy
RZ— <
=0
HIl\I—(—CHZ-)n—CHO

wherein:
n is an integer of 1 to 3;

R* represents a C1 to C6 linear or branched alkyl group, or
aC2 to C6 alkylene group formed from two R' together;
and

R? represents —NR>R*, where R? and R* each indepen-
dently represent a C1 to C6 linear or branched alkyl
group, oralkenyl group, or R® and R* together form a C2
to C6 linear or branched alkylene group, or form a C3 to
C8 linear or branched alkylene group, or alkenylene
group which may include an oxygen atom or a nitrogen
atom.

2. The photosensitive compound according to claim 1,
wherein:

R! is a methyl group or an ethyl group; and

R? is a group selected from the following groups,

R% (CH,=—CH—CH,4—N—X ¢ N—X
=
N—X N—X N—X
— O
__/

—N N (6]
/ _/

N X X
N—x < J
S NN NS

where X represents a substitution position.

3. A photosensitive resin formed by attaching the photo-
sensitive compound according to claim 1 to a polymer having
a structure in which at least two repeating units derived from
vinyl alcohol are linked together, via an acetal bond in a
pendant manner.
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4. The photosensitive resin according to claim 3, compris-
ing a repeating unit represented by the following formula (3):

formula (3)
¢} O

(|CHz)n

Il\I— H

C=0
i1
C—N ~ N3

rR2Z—~

wherein n is an integer of 1 to 3, and R® represents a group
selected from the following groups,

R%:  (CH,=—=CH—CH;357—N—X ( N—X
—
N—X N—X N—X
——

N—X \“—N N—X O N—X
__/ \__/
/X /X
/\/N\ \/N\/

N—X

Cig

where X represents a substitution position.

5. The photosensitive resin according to claim 4, wherein
the polymer is a copolymer of vinyl alcohol and at least one
species selected from the group consisting of vinyl acetate,
diacetoneacrylamide, acrylamide, acrylic acid, and polyeth-
ylene glycol.

6. A photosensitive composition comprising:

the photosensitive resin according to claim 4; and

water.

7. The photosensitive resin according to claim 3, wherein
the polymer is a copolymer of vinyl alcohol and at least one
species selected from the group consisting of vinyl acetate,
diacetoneacrylamide, acrylamide, acrylic acid, and polyeth-
ylene glycol.

8. A photosensitive composition comprising:

the photosensitive resin according to claim 7.

9. A photosensitive composition comprising:

the photosensitive resin according to claim 3; and

water.

10. A compound represented by the following formula (4),

formula (4)

N3

=X

wherein Q represents a halogen atom.

O
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11. A compound represented by the following formula (6),

formula (6)

N3

0~

Y 10

wherein R? represents —NR*R*, where R® and R* each inde-
pendently represent a C1 to C6 linear or branched alkyl
group, or alkenyl group, or R* and R* together form a C2 to C6
linear or branched alkylene group, or form a C3 to C8 linear 15
or branched alkylene group, or alkenylene group which may
include an oxygen atom or a nitrogen atom.

#* #* #* #* #*



